Abstract. A polynomial x 3 + px 2 + qx + r with the condition pr 1 3 + 3r 2 3 + q = 0 we call a Ramanujan cubic polynomial (RCP). We study different interest properties of RCP, in particular, an important role of a parameter pq r . We prove some new beautiful identities containing sums of 6 cubic radicals of values of trigonometrical functions as well.
INTRODUCTION
In his second notebook [4], S.Ramanujan proved the following theorem.
Theorem 1. ([4]
, p.325; [2] ). Let α, β and γ denote the roots of the cubic equation
(1) x 3 − ax 2 + bx − 1 = 0.
Then, for a suitable determination of roots, A proof of Theorem 1 can be found in paper [2] . Evidently, the simplest condition for successful application of Theorem 1 is the condition If, for real nonzero r, to consider Theorem 2. Let p, q, r, ∈ R, r = 0 such that
and let the polynomial (10)
and
Notice that Theorem 2 was proved directly in [6] . Notice also, that (12) can be written in the form
In connection with Theorem 2 we introduce the following definition.
Definition 1. Let p, q, r ∈ R, r = 0. The cubic polynomial (10) is called a Ramanujan polynomial (RCP) if it has real roots and the condition (9) is satisfied.
In this paper we study various properties of the RCP and present some new identities. Notice that (sce, e.g.,[6])
and both polynomials are RCP s . Thus, by (11) we obtain(15) and (16). Besides, using (13), (17) and (18) 3. SOME PROPERTIES OF RCP s Theorem 3. If x 3 + px 2 + qx + r is an RCP with roots x 1 , x 2 , x 3 then 1) For any a ∈ R, a = 0, the polynomial
is also an RCP with roots ax 1 , ax 2 , ax 3 .
2)The polynomial
is also an RCP with roots
3)The numbers r 2 3
x 1 , r 2 3
are a permutation of the numbers
After some simple calculations we have < 0. Therefore, the permutation in 3) of Theorem 1 is not identical. We verity approximately by a pocket calculator the precise equalities
Example 6. Analogously, by (18) we have the RCP x 3 − 3x + 1 with the roots x 1 = 2 cos < 0. Therefore, the permutation in 3) of Theorem 1 again is not identical. We verity as above that
A NEW FORMULA AND IDENTITIES
Theorem 4. In the conditions of Theorem 3 the following formula holds
Proof.Denote X the left hand side of (26). Notice that, in [6] it was shown that (9) yields the following identity for the roots of RCP (10):
Thus, we have
As is well known (see, e.g. [3] ) (29)
Now by (28)- (30) we complete the proof: 
only. For elementary symmetric polynomials of ξ 1 , ξ 2 , ξ 3 we have
x 1 ) and as above ( (28)- (29)) we find (36) ξ 1 + ξ 2 + ξ 3 = pq r − 3.
Using (35)-(36) and taking into account that by (29),(30)
where
we have (37) ξ 1 ξ 2 + ξ 1 ξ 3 + ξ 2 ξ 3 = 4 pq r − 24.
It is interesting that, only for proof that ξ 1 ξ 2 ξ 3 depends on pq r
, we use condition (9). Indeed, by (34) 
